A regulatory mutation has been identified that reduces expression of asparaginase I1 in exponential phase cells of Saccharomyces cerevisiae to 25 % or less of the wild-type activity.
Mutants in this gene (ASP4) can be derepressed for asparaginase I1 by nitrogen starvation and will grow with D-asparagine as the sole nitrogen source. ASP# assorts independently from ASP2 and ASP3. Mutation in either of the latter two genes results in lack of asparaginase I1 activity under any growth conditions.
I N T R O D U C T I O N
Asparagine metabolism in yeast is proving to be highly complex. Several genes are involved in the synthesis of L-asparagine, and their interactions are intricate (Jones, 1978 ; Ramos & Wiame, 1979) . This complexity is also reflected in the behaviour of enzymes involved in the degradation of asparagine, the asparaginases (EC 3.5.1.1).
Saccharomyces cerevisiae can synthesize two distinct asparaginases. One of these enzymes, L-asparaginase I, is an internal constitutive enzyme that is coded for by a single cistron, ASP1 (Jones, 1973; Jones & Mortimer, 1970) . L-Asparaginase I can deamidate only L-asparagine, and the amino acid must be inside the cell (Jones & Mortimer, 1973; Dunlop & Roon, 1975) . Asparaginase 11, discovered and extensively characterized by Dunlop, Roon and co-workers (Dunlop & Roon, 1975; Dunlop et al., 1976 Dunlop et al., , 1978 , is a glycoprotein that can deamidate both L-and D-asparagine when they are external to the cell. This enzyme can be strongly derepressed by starving cells for nitrogen in the presence of an energy source (Dunlop & Roon, 1975) . We have shown that cells growing in minimal medium with an abundant nitrogen source in the form of NH,+ have high asparaginase I1 activity during early-exponential phase (Pauling & Jones, 1980) . As the cultures enter the transition between exponential growth and stationary phase, asparaginase I1 activity drops rapidly to background leyels in a period of 2 to 3 h (Pauling & Jones, 1980) . Mutation in either of the cistrons ASP2 or ASP3 abolishes activity in the early-exponential phase as well as in cells starved for nitrogen (Dunlop et al., 1978; Jones, 1977a, 6; Pauling and Jones, 1980) . Cells carrying either of these mutations cannot grow with D-asparagine as the nitrogen source (Jones, 1977 b) .
Two lines of evidence led us to believe that the expression of asparaginase I1 in exponential phase cells and the derepression of the enzyme by nitrogen starvation are controlled by different mechanisms (Pauling & Jones, 1980) . First, the kinetics of expression of the two responses are different. When cells are derepressed by starving them for nitrogen, maximum asparaginase TI activity occurs after 3 to 4 h starvation (Dunlop & Roon, 1975) . In contrast, maximum activity in exponential phase cultures does not occur until about 9 h after 0022-1287/80/oooO-9233 $02.00 0 1980 SGM 540 Short communication seeding stationary phase cells into fresh medium (Pauling & Jones, 1980) . Second, cells harvested from exponential phase cultures at the time of maximum asparaginase I1 activity can be further derepressed by starving them for nitrogen in the presence of an energy source (Pauling & Jones, 1980) . In this paper, we present genetic evidence that strongly supports the idea that the two responses are regulated independently. We have identified a cistron, provisionally called ASPI, that appears to regulate expression of asparaginase I1
in exponential phase cells. Cells bearing a mutation in ASP4 have less than 25 % of the wild-type asparaginase I1 activity in exponential phase, but they can be derepressed fully for asparaginase I1 by nitrogen starvation. Furthermore, such a mutant can grow with D-asparagine as the sole nitrogen source. Strain A364A is the parent of temperature-sensitive mutants in which RNA or protein metabolism is disturbed at the restrictive temperature (Hartwell, 1967) . We had planned to use these mutants in a study of asparaginase I1 physiology and regulation, but we found that the parent strain did not express normal activity of asparaginase 11. However, unlike asp2 and asp3 mutants, A364A would grow with D-asparagine as the primary nitrogen source. Dunlop & Roon (1975) had shown that addition of amino acids to the Cerepression medium drastically reduced the maximum levels of asparaginase 11; thus, it was possible that the low activity of asparaginase I1 in A364A was due to the necessary nutritional supplements. Therefore, to remove the auxotrophic markers from A364A, we crossed this strain with strain S288C. Diploid cells from this cross were sporulated, and the spores were plated on to minimal medium so that only prototrophic segregants would germinate and form colonies. Eight of the colonies that appeared on the minimal medium plates were examined for expression of asparaginase 11. Of the 68 segregants, three had less than 25 % of the wild-type asparaginase I1 activity of exponential phase cells. Using low activity in exponential phase as the identifying marker, we performed back-crosses with S288C twice more to obtain a mutant strain that was approximately isogenic with our other laboratory strains. In these crosses, the mutant phenotype showed 2 : 2 segregation with wild-type (Table 1 , cross no. XEK23). This indicates that a single cistron, provisionally called ASP4, is involved in the expression of this phenotype. In addition, in diploid cells heterozygous for the asp4 mutation, the activity of asparaginase I1 in cells in exponential phase was 25 of the activity in diploids that were ASP4 homozygotes. Thus the phenotype is dominantly expressed. Other experiments (data not presented) have shown that asparaginase I1 activity rernains low throughout the culture growth cycle of cells carrying the asp4 mutation. Thus, the mutation does not merely affect the time of appearance of the enzyme in exponentially growing cells.
Cells carrying the asp4 mutation can be derepressed by nitrogen starvation, as shown (Fig. 1) . In the first experiment (Fig. l a ) , cells were harvested from exponential phase cultures at the time of maximum activity and were starved for nitrogen. If these had been wild-type cells, the initial activity would have been about 180 to 210 units (mg protein)-1, and derepression would have resulted in a further increase of about 150 to 180 units (mg protein)-l (Pauling & Jones, 1980) . The initial activity in the asp4 mutant was about 40 units (mg protein)-l and increased an additional 180 units (mg protein)-l upon derepression. In the second experiment (Fig. 1 b) , stationary phase cells were derepressed by nitrogen starvation. The rate of increase and the amount of increase of asparaginase I1 activity in the asp4 mutant exactly paralleled the behaviour of the enzyme when wild-type stationary phase cells were derepressed. Thus, mutation in ASP4 affects the expression of asparaginase I1 only during exponential growth, not the expression of the enzyme in response to nitrogen starvation.
We performed segregation analyses to determine whether ASP4 assorts from ASP2 or ASP3 (Table 1) . Diploid cells heterozygous for asp4 and asp2 or asp4 and asp3 were constructed as follows: cross number XEK25, XEK23-1C (a asp#) x XE221-2A (a asp2); cross number XEK26, XEK23-1C (a asp4) x XE223-1C (a asp3). These diploid strains were forced to sporulate, and segregational analyses were performed. The data from crosses XEK25 and XEK26 in Table 1 clearly show that ASP4 assorts from ASP2 and ASP3. Additionally, the occurrence of non-parental ditype asci in each of the crosses XEK25 and XEK26 suggests that ASP4 is not linked to either of the other two genes, although more asci must be analysed to confirm lack of linkage, which was not the intent of this study.
In conclusion, we have shown that regulation of the expression of asparaginase I1 in rapidly growing cells can be separated genetically from the regulation of expression in 542 Short communication nitrogen-starved cells. It has been suggested that asparaginase I1 should prove useful in studying the interrelationship of nitrogen catabolite repression with protein secretion (Dunlop et al., 1978) . We believe that the asp4 mutation will prove to be useful in helping to elucidate this complex phenomenon.
